Patients were relatively more likely to undergo robotic surgery if they were female (odds ratio [OR] 1.6; p = 0.04), younger (OR 0.8/10 years; p \ 0.0001), or underwent lobectomy (OR 2.4; p \ 0.0001). In adjusted multivariable analysis, there were no differences in the number of lymph nodes removed or length of stay between groups; however, there was a non-significant increase in the incidence of positive margins with robotic thyroidectomy. Conclusions. Use of robotic thyroidectomy for thyroid cancer is limited to a few institutions, with short-term outcomes that are comparable to open surgery. Multiinstitutional studies should be undertaken to compare thyroidectomy-specific complications and long-term outcomes.
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Thyroid cancer is the most common malignancy of the endocrine system. There has been a near threefold increase in its incidence between 1975 and 2009, 1 making it the cancer with the fastest increasing incidence in the US. 2 Prognosis is excellent when appropriate therapy is undertaken. 3 The mainstay of treatment for differentiated thyroid cancer is surgical resection through an anterior neck incision. 4 This technique was initially developed by Emil Kocher in the late 1800s and since then has become the standard approach. Open thyroidectomy is generally a very safe operation in the hands of experienced (high volume) surgeons. 5, 6 Alternative approaches were developed in order to avoid a neck incision. Robotic thyroidectomy can be performed through an axillary, breast, axillo-breast, posterior auricular, or trans-oral incision. [7] [8] [9] [10] Robotic thyroidectomy was pioneered by Korean surgeons, and is now the preferred approach for thyroidectomy for both benign and malignant disease in that country. 11 It is believed that the popularity of robotic thyroidectomy in Asia is related to a cultural aversion to a scar on the neck. 12 Data from Korea have demonstrated that robotic thyroidectomy for thyroid cancer is safe and can provide oncologic outcomes that are equivalent to open thyroidectomy, with improved cosmesis, patient satisfaction, and quality of life. 11, [13] [14] [15] There has been some skepticism in the US about whether these favorable outcomes can be replicated here, given that patients in this country have, on average, a higher body mass index, making the operation more challenging technically and potentially less effective from an oncologic perspective. [16] [17] [18] To date, there are no data describing the utilization of robotic thyroidectomy for cancer across the US. The aims of our study were to describe patterns of utilization and compare short-term outcomes of robotic thyroidectomy with open thyroidectomy for thyroid cancer at a population level.
METHODS
The National Cancer Database (NCDB) is a joint platform maintained by the American Cancer Society and the Commission on Cancer (CoC) of the American College of Surgeons (ACS). The NCDB is a nationwide, facilitybased, comprehensive clinical surveillance system. It contains more than 29 million cancer cases from more than 1,500 CoC-accredited cancer programs representing more than 85 % of all incident thyroid cancer cases in the US. 19 Data were coded according to the CoC Registry Operations and Data Standards Manual, the American Joint Committee for Cancer (AJCC) Manual for Staging of Cancer, and the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). To reduce data errors and maintain integrity of the database, all data were extracted from medical records by trained and certified tumor registrars. Our Institutional Review Board granted this study an exemption status due to the de-identified nature of the database.
The NCDB Participant User File was used to identify all thyroid cancer patients C18 years of age who underwent robotic or open thyroid surgery in 2010 and 2011. Patientrelated variables included age at diagnosis, race, sex, level of education, annual income, insurance status, type of insurance, year of diagnosis, distance traveled to treating institution, and comorbidity. Comorbidity was quantified by the modified Charlson-Deyo scoring system. 20 Education and annual income were determined by linking a patient's ZIP code to the year 2000 US Census data. Facility-related variables included classification according to CoC accreditation, all thyroidectomy and robotic case volume, and geographic region.
Tumor characteristics included histology, size, and absence or presence of extrathyroidal extension, multifocality, lymph node and distant metastases. Histologic diagnosis was identified based on corresponding ICD-O-3 codes. Data on surgical approach utilized were obtained directly from the database. Patients who underwent either robotic or open thyroidectomy were included. The extent of surgery was categorized as lobectomy (lobectomy and partial lobectomy) or total thyroidectomy (total, near-total, and subtotal thyroidectomy). Patients were excluded if the extent of surgery was not specified.
Short-term outcomes included the number of lymph nodes removed, rate of positive surgical margins, and length of hospital stay (LOS), as measured from the date of surgery to discharge. Number of lymph nodes removed was analyzed only in patients who underwent a lymph node dissection. LOS was dichotomized into B1 or [1 day, as thyroidectomy is considered an outpatient procedure with a typical LOS of 23 h.
Statistical Analyses
Intention-to-treat analysis was used; robotic cases converted to open surgery were analyzed as robotic.
Comparisons of patient and facility characteristics for patients undergoing robotic versus open thyroidectomy were performed using Chi square tests for categorical variables and non-parametric Kruskal-Wallis tests for continuous variables.
Separate multivariable logistic regression models were employed to analyze factors associated with the use of robotic versus open thyroidectomy and short-term outcomes while adjusting for patient age, sex, race, annual income, insurance type, geographic region, hospital type, presence of nodal disease, multifocality, extrathyroidal extension, extent of thyroid surgery, and open thyroidectomy and robotic case volume of the treating facility. The number of lymph nodes removed was analyzed using negative binomial regression, a form of generalized linear regression model suited to analyze over-dispersed nonnegative continuous variables. Generalized estimating equations were used to account for clustering of patients within hospitals when examining the associations of robotic versus open thyroidectomy with each of the outcomes. Multivariable models for short-term outcomes were limited to patients with papillary thyroid cancer (PTC), given the small number of patients with other forms of thyroid cancer. A backward variable elimination method was used to produce the most parsimonious model by removal of non-significant variables based on a cutoff p value of B0.2. The level of statistical significance was set a priori at a two-sided p-value of \0.05. Statistical analyses were performed using SAS Enterprise Guide 5.1 (SAS Institute Inc., Cary, NC, USA). (Table 1 ; p = 0.08); the increase in the proportion of robotic cases to all thyroidectomy cases was from 0.34 % in 2010 to 0.43 % in 2011. Robotic cases were reported from 93 hospitals across the 2-year study period. Of these 93 hospitals, 57 hospitals performed robotic cases in 2010, but only 14 (25 %) hospitals continued performing robotic thyroidectomy in 2011. There were 50 hospitals that performed robotic cases in 2011, including 36 (72 %) hospitals that started performing robotic cases. The number of robotic cases performed by each hospital varied from 1 to 29 cases (Fig. 1) ; 96 % performed \10 total cases. Four hospitals performed 32 % (n = 72) of all robotic cases (Fig. 2) .
Compared with open thyroidectomy patients, robotic thyroidectomy patients were younger, more often female, Patients were less likely to undergo robotic thyroidectomy if they were older (p \ 0.0001) or had lymph node metastases (p = 0.06) ( Table 2) .
DISCUSSION
This is the first study to examine utilization of robotic thyroid surgery for thyroid cancer in the US. We show that utilization remains limited to a few institutions; however, the great majority of these surgeries are being performed in low-volume centers. Robotic and conventional thyroidectomy appear to have comparable length of hospital stay. With regard to adequacy of the oncologic resection, the two approaches are associated with a similar number of lymph nodes removed, but there was a non-significant trend toward a higher likelihood of positive surgical margins with robotic thyroidectomy. In our study, \1 % of all thyroid cancer surgeries were performed robotically. This is consistent with the few published studies from single institutions in the US. The largest of these series included just 24 patients. 18 Other studies included 3-11 patients. [21] [22] [23] The limited use of robotic thyroidectomy in the US may reflect the controversy among experts regarding its role in the management of thyroid cancer. [16] [17] [18] Compared with conventional thyroidectomy, robotic thyroidectomy is argued to have higher rates of hemorrhage, chest paresthesia, and injury to the brachial plexus, trachea, and large blood vessels. 8, [24] [25] [26] [27] Most of the literature reporting on the safety of robotic thyroidectomy is from Korea, where patients are generally leaner, with smaller body frames than many Americans. As a result, the distance from the axilla to the thyroid is shorter, which could at least in part account for fewer technical difficulties. 12 In our analysis, the great majority of hospitals where robotic thyroidectomy was performed were low-volume institutions (96 %), with \10 robotic cases over the 2 years; they accounted for approximately 70 % of all robotic cases. This is concerning since robotic thyroidectomy is technically challenging, with a steep learning curve. 24, 28 The New Technology Task Force, a multidisciplinary body for implementation of robotic thyroidectomy in the US, stressed the importance of adequate surgeon experience. 29 Studies from the US and Korea have shown that at least 40 cases are required to be performed by a surgeon to reach proficiency in robotic thyroid lobectomy, and at least 50 robotic cases for total thyroidectomy. 24, 28 In our study, there was no hospital that performed [40 cases; however, this study did not include robotic cases that were performed for benign thyroid disease. While it is possible that some high-volume centers have not published their experience with robotic thyroidectomy, it is still notable that there is only one center in the US that has performed more than 40 robotic cases and reported its outcomes. 18 In the current study, patients who were female and younger were more likely to undergo robotic thyroidectomy. This finding has been demonstrated in a metaanalysis of 726 patients undergoing robotic thyroidectomy for benign and malignant etiologies collated from 11 US and Korean studies. 30 In our study, a higher proportion of patients undergoing robotic surgery had lobectomies than those in the open group. This has been shown in previous studies and highlights the possible selection bias that could account for the different demographic profiles for patients who undergo robotic versus open thyroid surgery. 18, 21 In multivariable analysis, we have shown that robotic thyroidectomy was associated with comparable length of hospital stay. In addition, the number of lymph nodes removed at the time of thyroidectomy was similar. These results are in agreement with published studies from Korea and small, single-institutional studies from high-volume centers in the US. 11, 18, 21 In a single-institution report of 59 thyroid cancer patients from the US, Noureldine et al. retrospectively analyzed data from 24 thyroid cancer patients who underwent robotic thyroidectomy and 35 patients who had open thyroidectomy. 18 All surgical margins were negative, and the two groups had similar rates of perioperative complications; their stimulated thyroglobulin levels were also similar 2 months after surgery. The robotic surgery group had shorter length of hospital stay; however, these patients were carefully selected and, on average, were younger and had a lower body mass index, and no concurrent thyroiditis or Graves' disease. 18 Therefore, these findings should be interpreted with caution because of the selection bias favoring robotic surgery. 18, 21, 31 There are several possible limitations of this study. Due to the small sample size, we were not able to definitively discern the impact of robotic thyroidectomy on the higher incidence of positive surgical margins. Studies using databases are subject to the possibility of coding errors; however, the NCDB uses a standardized coding system and is heavily audited. Certain variables of interest, including patient body mass index, operative time, costs, and thyroidectomy-specific complications, such as hypoparathyroidism and recurrent laryngeal nerve injury, are not available in the dataset and therefore could not be analyzed. Also, selection bias is always a concern in observational studies when comparing outcomes between interventions. Our description of patients undergoing both procedures in this large series provides important information regarding the demographic of patients selected for robotic thyroid surgery.
CONCLUSIONS
The use of robotic surgery for thyroid cancer in the US is limited to a few institutions, with the majority of cases performed at low-volume institutions. While the overall number of robotic cases is small, robotic thyroidectomy in carefully selected patients appears to have some short-term outcomes similar to open thyroidectomy. Ideally, a prospective, multi-institutional clinical trial could better evaluate short-and long-term clinical and economic outcomes of robotic versus open thyroidectomy for thyroid cancer.
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